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Benthic surveys were conducted between June 2000 and February 2001 along two 

intertidal band transects off Idaho Pt. and Coquille Pt. within Y aquina estury, Oregon, USA. 

Samples were collected at random positions along 16 line stations between the upper margin of 

the native eelgrass (Zostera marina) meadow near the estuary channel and the upper intertidal 

zone. Surficial sediment cores were taken for geochemical analyses and quantification of 

infaunal amphipods, and the biomass of accumulated benthic macroalgae (principally Ulva) was 

determined. Very large reductions in amphipod numbers were measured in a major sector of the 

Idaho Pt. transect, relative to corresponding measurements off the Coquille Pt. reference site. 

Distinct effects on benthic shrimp and bivalve mollusks also were observed. Sediment pore 

water samples revealed 100-fold increases in dissolved sulfides beginning in September and 

extending through November, relative to earlier collections along this transect and to typical 

levels measured along the Coquille Pt. transect. Survey median concentrations of the most toxic 

component of dissolved sulfides, un-ionized H2S, calculated for the Idaho Pt. pore water samples 

collected in this three month period were four to eight times the median LCso for H2S (5.5 11M) 

determined from reported sulfide toxicity studies on benthic/epibenthic marine crustaceans and 

bivalve mollusks. These levels appear to be high enough to account for the altered distributions 
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of invertebrates observed along the Idaho Pt. transect. Both elevated accumulations of benthic 

macroalgae and higher proportions of fine-grained sediments there may contribute to the high 

concentrations of dissolved sulfides measured at this site. 

INTRODUCTION 

Benthic Macroalgae 

As human populations and activities increase in coastal zones around the world, there is 

increasing concern regarding the resultant eutrophication of estuarine and nearshore marine 

ecosystems (Short and Wyllie-Echeverria, 1996; Hemminga and Duarte, 2000; Orth et al., 2006). 

One aspect of such eutrophication is the occurrence of intertidal benthic macroalgae in densities 

sufficient to cause offensive odors and/or impact epibenthic and benthic communities. For 

example, Nicholls et al. ( 1981) reported a decrease in estuarine infauna populations with an 

average macroalgal cover density of about 40% on the southern coast of England. Working in 

the same region, Tubbs and Tubbs (1983) found that a cover density exceeding 25% in 40% of 

the intertidal area corresponded to a reduced abundance of zoobenthos. Hull (1987) reported a 

decrease in amphipod abundance on the east coast of Scotland with a macroalgal biomass as low 

as 60 grams dry weight per square meter (gdw/m2
). Further work in that area by Raffaelli et al. 

(1991) showed a 90% decrease in amphipod abundance with macroalgal densities of about 200 

gdw/m2
. On the north Baltic Sea, Norkko and Bonsdorf(1996a) reported a 90% decrease in 

benthic organisms when macroalgal densities there reached 440 gdw/m2
. Norkko (1998) also 

reported a decrease in juvenile bivalve mollusks in the region with an average macroalgal cover 

of 50%. Further work there by Norkko et al. (2000) demonstrated a reduction in both bivalve 

and amphipod densities when macroalgal abundance reached 180 gdw/m2
. On the west coast of 
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Sweden, Osterling and Pihl (200 1) found a 90% decrease in suspension-feeding bivalves with a 

macroalgal density of 300 gdw/m2
. Lewis et al. (2003) reported a decrease in amphipod 

abundance on the south coast oflreland when macroalgal densities exceeded 200 gdw/m2
. On 

the east coast of Australia, Cummins et al. (2004) found decreased abundances of polychaetes 

and mollusks with a macroalgal density of 450 gdw/m2
. Finally, Jones and Pinn (2006) reported 

a 70% decrease in infaunal abundance and biomass when macroalgal cover reached 90% on the 

southern coast of England. 

Dissolved Sulfides Toxicity 

Most of these studies also reported either the co-occurrence of hydrogen sulfide or low 

Eh values representative of reducing conditions in the target estuarine sediments. Numerous 

investigations have shown that dissolved sulfides are toxic to marine invertebrates. In an early 

study, Caldwell (1975) reported results of laboratory tests on the amphipods Anisogammarus and 

' 
Corophium, the isopod Gnorimosphaeroma, and zoeae of the Cancer crab that yielded 96-hour 

LCso values (concentrations causing 50% mortality) for dissolved sulfides (pH 7.9-8.7) with a 

median value of 22 micromoles per liter (IJ.M). He also reported 96 hour LCso values of 16 and 

31 11M (pH= 8.0-8.2) for the zoea and first instar stages of the crab Cancer, respectively, and 

values of 44 11M for the oyster Crassostrea (pH 7.9-8.7) and 187 11M for the clam Balthica (pH 

7.8-8.6). Knezovich et al. (1996) measured 48-hour LCso values of 50 and 104 11M from 

dissolved sulfides test (pH= 7.8-8.2) on the amphipods Rhepoxynius and Eohaustorius, 

respectively. Similar findings were obtained by Gopakumar and Kuttyamma (1996), who 

reported median 96 hr LCso values for un-ionized H2S exposed to the marine shrimp Penaeus and 

Metapenaeus (size range 35-40 mm) that correspond to approximately 300 and 360 11M 

dissolved sulfides (pH 8.1-8.3), respectively. Finally, Laudien et al. (2002) observed that, after 
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two hours of exposure to 100 11M dissolved sulfides in test sediment, juvenile surf clams 

(Donax) moved to the sediment surface. 

It should be noted that the variable "dissolved sulfides" is comprised of two major 

chemical species, un-ionized H2S and the bisulfide ion Hs-, whose proportions are dependent 

mainly upon the pH of the solution, but also upon salinity and temperature. The H2S component 

generally is considered to constitute most of the toxicity of the dissolved sulfides variable 

(Hagerman and Vismann, 1995), because this un-ionized molecule can diffuse across an 

organism's membranes and block aerobic metabolism by inhibiting cytochrome c oxidase 

(Theede, 1973; Sandberg-Kilpi et al., 1999). At a pH of 8.0 (and salinity 30 parts-per-thousand, 

ppt; temperature 15 degrees Celcius, deg C), less than 10 % of the dissolved sulfides occurs as 

H2S. However, at a pH of7.5 approximately 20% occurs as H2S, and at a pH of7.0 almost 45 

% occurs as H2S (Standard Methods, 1995). Thus, pH values generally are reported along with 

dissolved sulfides toxicity values to permit calculation of the most toxic component, H2S (Wang 

and Chapman, 1999). 

BACKGROUND AND OBJECTIVES 

The study described here was conducted in response to relatively high levels of benthic 

macroalgal cover and biomass observed in Y aquina estuary on the central Oregon coast, USA 

(Figure 1 ). Aerial photographic surveys conducted in the summer of 1997 and 1998, 

accompanied by detailed ground surveys, revealed extensive distributions of benthic green 

macroalgae on the intertidal mudflats upslope of the native eelgass (Zostera marina) beds 

(Young et al., 1999). Therefore, during the summer of 1999 Young conducted a systematic 

survey of eelgrass and benthic macroalgal cover and biomass at six intertidal sites situated 
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approximately evenly along the range of Z. marina in lowerY aquina estuary (Young et al., 

2003). The results indicated that the site offldaho Pt. had distinctly higher accumulations of 

benthic macroalgae, and frequencies of H2S odor detection, than did the site off Coquille Pt. 

across the main channel, or at the other four survey sites. Thus, the study reported here was 

initiated at the Idaho Pt. and Coquille Pt. sites in June 2000, with three major objectives. The 

first objective was to quantify the spatial-temporal distribution of dissolved sulfides in pore 

water of surficial sediment (0-5 em) from the Idaho Pt. and Coquille Pt. sites. The second was to 

examine whether there was any evidence of an impact on infaunal invertebrates at the Idaho Pt. 

site, and whether the levels of dissolved sulfides there were high enough to explain any impacts 

observed. The third objective was to seek differences in conditions at the two sites that might 

have contributed to corresponding differences in dissolved sulfide concentrations. 

APPROACH 

Sampling 

At the two study sites (Figure 2) band transects 30m in width were established, 

beginning 25-35 m downslope of the upper boundary of the native eelgrass meadow and 

extending almost to the upper edge of the intertidal zone. Station lines parallel to the channel 

were established every 10 m for the first 100 m, with the lowest three lines off Idaho Pt. (labeled 

A-C) situated within the eelgrass meadow, and the lowest four lines (A-D) situated within the 

eelgrass meadow off Coquille Pt. Beyond 100 m the separation between station lines (of 

approximately constant elevation) increased to 45 m offldaho Pt. and 40 m off Coquille Pt., 

terminating at line station P approximately 40 m downslope of the rockweed (Fucus) boundary 
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of the upper intertidal zone. (Limited sediment measurements also were made near this boundary 

at Station Q). 

During 2000, surveys were conducted at low tide every other week during summer and 

early fall, and then approximately every month through December. One midwinter survey was 

conducted in early 2001. In each low tide survey, at specified line stations three randomly 

selected distances between 1 m and 30 m first were obtained. Then, starting at the 0 m mark of a 

given line, the surveyor walked the randomly determined distance into the band transect and 

placed a quadrangle (0.5 m on a side, strung with two orthogonal sets of five equally-spaced taut 

lines) 1 m upslope or downslope of the transit path (in alternating low-tide surveys). Percent 

cover values of eelgrass (Z. marina or Z. japonica) and benthic green macroalgae (Ulva spp.) 

were measured using the point-intercept method or estimated visually. Then, again randomizing, 

at two of the three line stations a vegetation biomass sample was collected from the lower left 

0.25 m x 0.25 m portion of the quadrangle. Next, a sediment core (15-cm internal diameter) and 

two adjacent cores (8-cm internal diameter) were collected at one of the three stations, again 

randomizing; these were capped for subsequent geochemical and benthic infaunal analysis, 

respectively. The cores were returned to the laboratory and refrigerated within three hours of 

collection. Sediment temperature was recorded at each core station by inserting a glass 

thermometer(± 0.2 deg C) to a depth of 5 em. Density classes of benthic shrimp holes 

(Upogebia spp. and Neotrypaea spp.), and presence/absence indices of bivalve mollusk shells 

within the 0.5 m x 0.5 m quadrat, also were determined. In December 2001, an additional 

sediment core was taken from the native eelgrass bed within the Idaho Pt. transect, using a 30 em 

long barrel containing ports spaced every 3 em. Upon withdrawal from the immersed sediment, 

the bottom and top of the barrel was capped and taped, the ports were taped, and the core was 
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maintained in a vertical position and returned to the laboratory where pH measurements were 

made within two hours (below). 

Analyses 

The top 5 em of the geochemical core was extruded in a vertical position under a N2 _ 

filled glove bag, and 250 ml centrifuge tubes were packed with this sediment and tightly capped 

within this oxygen-free environment. The samples then were removed from the bag, paired by 

mass and centrifuged at 4500 rpm (3300 g) for 20 minutes. Next, the tubes were transferred to a 

Nrfilled glove bag and sequentially opened for processing. A water sample then was withdrawn 

into a plastic syringe, a 0.45-Jl Cameo filter was inserted onto the tip, and the sample was 

expressed through the filter into a clean glass beaker. Given sufficient volume, duplicate 5.0 ml 

samples of the filtered pore water were withdrawn using an Eppindorf pipet and 20 JlL of 2 N 

zinc acetate was added and homogenized to precipitate and preserve the dissolved sulfide 

sample. If the volume of pore water was limited, a single sample of known volume was taken 

and preserved. Duplicate 0.5 ml and 0.05 ml aliquots also were withdrawn and preserved for 

possible analysis of high-concentration samples (if necessary, final samples also were diluted 

with de-oxygenated deionized water so that their signal values fell within the linear range of the 

calibration curves ). The samples were analyzed for total dissolved sulfides O::s--) utilizing the 

methylene blue colorometric method and a Shimadzu UV-2101PC spectrophotometer (Method 

4500-S2
-, Standard Methods, 1995). Calibration curves were based upon absorbance signals 

from six Is-- standards prepared in de-oxygenated distilled water, with concentrations ranging 

from about 0.15 to 1.5 mg sulfur per liter. A separate pore water sample was collected and 

analyzed for pH (using an Orion 250A meter calibrated with 7.00 and 10.00 pH buffer solution), 

and for salinity (using a temperature-compensated American Optical- Reichert refractometer 
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whose factory calibration was confirmed using Standard Sea Water, Inst. of Oceanographic 

Services, Surrey, England). As described above, a program to check the pH values obtained in 

the supernatant of centrifuged surficial sediment samples was initiated in December 2001. 

Within two hours of collection, in situ pH measurements were obtained along the length of the 

special pH core by inserting the probe of a calibrated pH meter directly into sediment through 

the uncovered ports. Meter readings also were obtained in certified pH buffer solution at the 

beginning and the end of these core profile measurements, and corrections made to the individual 

values assuming linear drift of meter readings with time. For the surveys conducted in 2000, a 

100 ml aliquot of the centrifuged sediment sample was taken for subsequent analysis of total 

organic carbon (TOC) by combustion after acidification (Tetra Tech, 1986), and particle size 

distribution using sequential sieving (Buchanan, 1984). In addition, upon return to the 

laboratory the benthic macroalgal samples were washed free of sediment in tap water, sorted to 

obtain green macroalgal samples, and dried to constant weight at 70 deg C. 

Amphipod Identification 

The infaunal core samples were combined and sieved through a 1.0 mm screen. The 

organisms retained were preserved in buffered 10% formalin and stained with Rose Bengal. The 

samples then were transferred to 70% ethanol and sorted under magnification. The amphipod 

species were identified to species and counted following guidance provided by Dr. John 

Chapman (personal communication), and described recently in the Light and Smith manual on 

intertidal invertebrates (Chapman, 2007). 

RESULTS 

Infaunal Amphipod Abundance 



RS-2015-0101170000183 

Thirteen infaunal amphipod species were identified in the surficial sediment samples 

collected along the Coquille Pt. transect between June and December, 2000 (seven low tide 

surveys); the corresponding number for the Idaho Pt. transect was ten species (ten low-tide 

surveys). The total number of individuals of each species counted in each transect's samples 

during this interval is listed in Table 1. Total numbers of amphipods counted in the sediment 

samples from a given station and survey date for the Coquille Pt. and Idaho Pt. transects are 

listed in Tables 2 and 3, respectively, and the average station density (per 100 cm2 of sediment 

surface) for June- December 2000 is shown in Figure 3. Median abundance classes for benthic 

shrimp burrows observed within the core quadrats are listed in Table 4, and presence or absence 

indices for bivalve mollusk shells observed in the quadrats are listed in Table 5. 

Sediment Geochemistry 

Average concentrations of Is-- obtained from the replicate aliquots of surficial sediment 

pore water for these transect stations and dates are listed in Tables 6 and 7, respectively. Median 

pore water pH, salinity, and surficial sediment temperature values obtained for a given survey at 

the Idaho Pt. site are listed in Table 8. 

Percent dry weight concentrations of TOC measured in surficial sediment samples 

collected from the transect stations during June, July, September and October/November 2000 

are shown in Figure 4. Values for percent fines (grain diameter< 0.063 mm) in surficial 

sediment samples collected from the Coquille Pt. and Idaho Pt. band transects in July 2000 are 

shown in Figure 5. 

Benthic Macroalgae 

On the basis of these results, three bathymetric zones were established to compare and 

evaluate the data. For each transect, Zone I included the three staton lines nearest the upper 
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boundary of the eelgrass meadow (Idaho Pt.: A-C; Coquille Pt.: B-D). Zone II included the next 

three lines upslope of this boundary (Idaho Pt.: D-F; Coquille Pt.: E-G). Zone III included lines 

H through 0 in each transect, where the greatest difference between total amphipod numbers at 

the two sites occurred (Figure 3). For a given survey, an average value for benthic green 

macroalgal biomass was obtained for each of these zones at the two sites (Figure 6). Typical 

numbers of samples collected from Zones I, II and III were 6, 6, and 16, respectively. 

Combination of the individual survey values for the growing season (June- November) for each 

zone yielded the summary statistics listed in Table 9. 

DISCUSSION AND CONCLUSION 

The results presented in Tables 1-3 and Figure 3 indicate a clear difference in the 

distribution of infaunal amphipods between the two study sites during the survey period (June­

December, 2000). The average number of amphipods counted per survey in the samples from 

the Coquille Pt. transect (1125 total I 7 surveys = 16lindividual per survey) was almost four 

times that obtained for the Idaho Pt. samples ( 451 total I 10 surveys = 45 individuals per survey). 

However, most of this difference occurred within bathymetric zone III bounded by station lines 

H through 0 (Figure 3). This zone includes approximately 70% of the total area of the band 

transects surveyed during 2000. The median ratio for the densities of amphipods within Zone III 

at these two sites was 0.034 (range: 0.011 - 0.50), corresponding to a median reduction factor of 

97% for total amphipod density at Idaho Pt. relative to the Coquille Pt. reference site. In 

contrast, the differences observed between abundance classes of benthic shrimp burrows at the 

two sites during July- September extended from station lines D through 0 (Table 4); thus, a 

second bathymetric zone (II) was defined as that zone encompassing the three station lines just 
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upslope of the eelgrass meadow upper boundary. Further, in September 2000 there was a 

distinct impact on near-surface infaunal bivalve mollusks along the Idaho Pt. transect, extending 

from line B within the eelgrass meadow to line P near the upper edge of the transects at the two 

sites (Table 5). Thus, for purposes of comparison the zone encompassing the three station lines 

just downslope of the eelgrass meadow upper boundary was defined as Zone I. 

Very clear differences in characteristics of the surficial sediment collected from the two 

sites also were obtained. Relatively high concentrations of Is-- were measured in many of the 

supernatant pore water aliquots of the centrifuged sediment samples from the Idaho Pt. transect 

(Table 7), compared to those from the Coquille Pt. site (Table 6). Although the former values 

were highly variable, beginning with the mid-September collection a major increase in Is--was 

observed. For example, the values obtained for the August 30 and September 14 collections 

from Station H were 13 and 1400 JlM, respectively; corresponding values for Station K were 2.1 

and 200 JlM, and for Station 0 were 0.6 and~"12J.1M. Thus, 100-fold step-function increases in 

Is-- concentrations were measured in some of the Zone III stations of the Idaho Pt. transect over 

a two week interval in early September. Such increases during this interval also were observed 

at other points along the transect. The Is-- concentration increased from 5.3 to 600 11M at 

Station A, from 0.0 to 2300 11M at Station C, and from 1.6 to 93 11M at Station D. The period of 

highly elevated concentrations of pore water Is-- extended through the mid-November sampling, 

tapering off in December. The highest value measured in the samples collected on February 9, 

2001 was 3.0 JlM. This condition along the Idaho Pt. transect was clearly different than that 

observed along the Coquille Pt. transect, where the highest value measured in 2000 was 8.1 JlM, 

and only two other values above 1 11M were obtained. Application of the Welch two-sample t­

test for non-equal variances showed that the difference in the mean Is-- values for September-
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November at the two sites was highly significant (p<0.001 ). Thus, a major contrast between the 

two sites in Y aquina estuary was observed for both biological and chemical components of the 

intertidal ecosystem. 

The next step taken in the evaluation was to calculate the corresponding concentrations 

of un-ionized H2S from the station values of Is--, in order to compare the levels of this most 

toxic component in our field samples to the corresponding LCso values obtained from the 

dissolved sulfide toxicity test reports discussed above. For this purpose, we used the median 

values of pH, salinity and temperature obtained from each survey to calculate a corresponding 

ratio of H2S to Is-- from the algorithm given in Standard Methods (1995). Of these three field 

variables, pH is by far most important in determining this ratio. As a check on our pore water 

pH values, we compared the median values we obtained for the Idaho Pt. transect between June 

and December 2000 to those obtained from the special pH core collected from Zone I of the 

Idaho Pt. transect on December 12, 2001. Our survey median values ranged from 7.08 to 7.24 

with an overall median of7.13 (Table 8), while values of7.12, 7.15, and 7.06 were obtained at 

depths of 4, 7, and 10 em, respectively, below the pH core's surface (Dr. Peter Eldridge, personal 

communication). Thus, the relatively low pH values we obtained from our June- December 

2000 surveys are consistent with those obtained independently by Eldridge in December 2001. 

The ratios ofH2S to Is-- obtained for each of our Idaho Pt. transect surveys are listed in Table 8. 

These ratios may be applied to the individual station values of Is-- (Table 7) to obtain the 

corresponding values of un-ionized H2S for the Idaho Pt. transect surveys. 

To obtain comparable LCso values for un-ionized H2S from the published LCso values for 

Is--, we used the reported pH, salinity, and temperature values for each toxicity test to calculate 

the corresponding molar concentrations of un-ionized H2S (using linear interpolation when 
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necessary). Combining the results we obtained from the data reported by Caldwell (1975), 

Gopakumar and Kuttyamma (1996), and Knezovich et al. (1996), the median calculated LCso 

value for seven infaunal or epibenthic marine crustaceans was 5.7 11M H2S (range: 0.56-7.5 

11M). The corresponding value for two bivalve marine mollusks was 5.4 11M H2S (range: 3.4-

7.5 11M). Based upon these values, 69% of the un-ionized H2S concentrations obtained for the 

Zone III pore water concentrations during September- November 2000 exceeded the median 

H2S LCso value for benthic crustaceans of 5. 7 JlM. Similarly, for the two September surveys, 

7 5% of the values for the entire Idaho Pt. transect exceeded the median H2S LCso value for 

marine bivalves of 5.4 JlM. This analysis provides an explanation for the relatively high 

abundance of bivalve mollusk shells observed during September on the sediment surface within 

the Idaho Pt. transect. For benthic shrimp, no Is-- toxicity values were located. Nevertheless, 

the relatively high frequency of Is-- levels along the Idaho Pt. transect might well have 

contributed to the lower burrow densities ofthis infaunal crustacean observed there between July 

and September, 2000. For the marine amphipods identified and quantified in this study, we note 

that these infaunal invertebrates nurture their young in broods (Dr. John Chapman, personal 

communication). Thus, the approximate three-month period (September- November) when 

toxic levels of dissolved sulfides predominated in surficial sediment off Idaho Pt. could have 

reduced the infaunal amphipod populations in Zone III to the point where depressed abundances 

occurred throughout the year. However, our results do not address the question of why 

substantially lower, and indistinguishable, densities of these amphipods are found in bathymetric 

Zones I and II. 

The presence of dissolved sulfides in marine or estuarine sediments generally is 

attributed to the incorporation of relatively high amounts of organic material, and its subsequent 
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consumption by aerobic bacteria that depletes the pore water's oxygen concentration. Anaerobic 

bacteria then continue to break down the residual organic material, utilizing sulfate provided by 

the overlying marine water as the terminal electron acceptor and producing dissolved sulfides 

(Theede et al., 1969; Wang and Chapman, 1999). As described above, the accumulation of 

benthic algae in marine and estuarine ecosystems often leads to such chemically reduced 

conditions in the surficial sediment. Thus, for each of the three bathymetric zones within the two 

band transects, we obtained average densities of benthic green macroalgal (BGM) biomass 

between Winter 2000 and Winter 2001 for each survey (Figure 6). (Red and brown macroalgae 

were found to account for less than 1% of these totals.) These results indicate that a large 

majority of the accumulated macroalgae occurred between June and November 2000. Therefore, 

we obtained overall mean(± std. err.) and median values for accumulated BGM densities during 

this time interval for the three bathymetric zones of each site (Table 9). This summary shows 

that, during this growing season, more BGM~ccumulated on the sediments of the Idaho Pt. 

transect. Ratios of the overall mean densities of BGM at this site and at the Coquille Pt. site 

were 1.22, 1.26, and 1.88, for Zones I, II, and III, respectively. (Corresponding ratios of the 

median values are 1.19, 1.22 and 2.70). However, application of the Welch two-sample t-test for 

non-equal variances to the underlying survey means for these zones showed that only the 

difference between the site seasonal means for Zone III was statistically significant (p <0.05). 

The very large differences in pore water concentrations of Is-- at the two sites between 

September and December 2000 (Table 7) are much greater than the differences in the June -

November average or median benthic macroalgae accumulation (approximate factors of2 and 3, 

respectively). However, the results of the surficial sediment TOC analyses between June and 

October/November (Figure 4) do indicate distinctly higher concentrations at the Idaho Pt. 
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transect between July and September, but only at the lowest four station lines (A- D) within, or 

just upslope of, the intertidal eelgrass meadow. One possible explanation is that the differences 

in TOC values resulted from the earlier seasonal accumulation of BGM biomass off Idaho Pt. 

(Figures 2 and 6). Average (n = 6) biomass values(± std. err.) for Zone I on June 1-2 were 114 

±_ 44 and 8 ± 3 g dw/m2 at the Idaho Pt. and Coquille Pt. transects, respectively. (Corresponding 

values for native eelgrass above-ground biomass were 44 ± 15 and 56± 14 g dw/m2
, 

respectively.) The results of the grain size distribution measurements made on the July survey 

samples (Figure 5) did indicate higher percentages of fine-grain sediment (silt and clay) within 

Zones I and II. Thus, one hypothesis for the higher Is-- concentrations found along the Idaho Pt. 

transect is that the differences for Zones I and II resulted from the finer sediments in these zones 

off Idaho Pt., whose lower porosity might have reduced the rate of oxygen diffusion from the 

sediment interface. The corresponding hypothesis for the differences in Is-- concentrations 

between sites for Zone III is that this resulted from the 2-fold to 3-fold higher levels of 

accumulated BGM at Idaho Pt. (Table 9). However, resolution of these issues will require 

additional investigation. 

SUMMARY 

This study documented distinct differences in pore water concentrations of total dissolved 

sulfides (Is--) in surficial sediments (0-5 em) from the Idaho Pt. and Coquille Pt. band transects 

in Yaquina Bay, Oregon. Over a two-week period in summer 2000, concentrations off the 

former site increased approximately 100-fold, and during the next three months peaked at 2300 

JlM, while the highest concentration measured along the Coquille Pt. transect across the channel 

was about 8 JlM. The highest survey median value for the latter site was 0.05 JlM, while median 
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concentrations obtained for the four surveys conducted during September- November at the 

Idaho Pt. site were 57, 84, 75, and 85 JlM. 

Distinct differences in distributions of infaunal invertebrates between the two sites also 

were observed. For a bathymetric interval (Zone III) that included approximately 70% of the 

area of each of the intertidal band transects, between June and December the Idaho Pt. zone had 

a substantially lower abundance of benthic amp hi pods than did that off Coquille Pt. The median 

ratio for the densities of amphipods within Zone III at these two sites was 0.034, corresponding 

to a median reduction factor of 97% for total amphipod density at Idaho Pt. relative to the 

Coquille Pt. reference site. Substantially lower burrow densities of benthic shrimp along the 

Idaho Pt. transect also were observed between July and September within Zone III, and at the 

three bathymetric line stations just upslope of the native eelgrass upper boundary (Zone II). In 

September 2000, the month of maximum Is-- concentrations, shells of infaunal bivalve mollusks 

were observed on the sediment surface within the 0.25 m2 survey quadrats at 14 of the 16 sulfide 

stations (including Zone I within the eelgrass meadow) offldaho Pt. but only at one station off 

Coquille Pt. Application of measured pore water pH, salinity and sediment temperature values 

to the measured Is-- concentrations yielded median values for un-ionized H2S concentrations of 

21 to 44 11M for the September to November survey interval. In comparison, calculation of the 

concentrations of un-ionized H2S corresponding to the LCso values for Is-- reported from 

laboratory toxicity tests yielded an overall median value of about 5.5 11M H2S for marine 

infaunal or epibenthic crustaceans and bivalve mollusks. Thus, it appears that the Is-­

concentrations measured in surficial sediment samples from the Idaho Pt. transect during summer 

and fall 2000 were high enough to have caused the differences in distributions of infaunal 

invertebrates observed between the two study sites. 
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Relatively high average values were obtained for the biomass of benthic green 

macroalgae for bathymetric zones I, II, and III of the Idaho Point transect. Peak survey averages 

for these zones were approximately 300, 500, and 300 g dw/m2
, respectively. These values are 

comparable to those found in the literature cited above to be associated with depressed 

abundances, or altered behavior, of benthic infaunal invertebrates, principally amphipods and 

bivalve mollusks. The average (or median) density of benthic macroalgae in Zone III of the 

Idaho Pt. transect between June and November 2000 was approximately two to three times that 

obtained in this zone off Coquille Pt.; this difference may have contributed to the major 

differences in Is-- concentrations and amphipod abundances measured in this zone. Although 

the corresponding macroalgal densities in Zones II and I off Idaho Pt. exceeded those off 

Coquille by only about 20-25%, the abundance of fine-grain sediment(< 0.063 mm) at the 

former site was approximately twice that at the latter site. Thus the finer grain sediment there, 

with a substantially lower porosity, may have inhibited the transport of oxygenated water from 

the sediment surface, thus facilitating the buildup of dissolved sulfides in these bathymetric 

zones. 
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